There exist different vibration patterns when a rotor system runs up and down through its critical speed, in one of them, is the interesting phenomenon called frequency capture.
INTRODUCTION
Normally, a vibration system goes through its resonant region quickly with obviously amplitude increasing according to its speeding up and down schedule. It is reported that the frequency capture of resonance is observed in a dual-spin spacecraft, which consists of a platform and a rotor connecting by a bearing assembly [1, 2] . In Ref [3] , a system composed of an unbalanced rotor which is attached to an elastic support and driven by a constant torque is researched for its frequency shifting and sustained resonance capture. Paper [4] examined passive energy pumping for frequency capture in a system of coupled oscillators. A nonlinear system can go into resonance capture only depending upon its parameters together with its initial conditions. The works mentioned above mainly involve nonlinear dynamic mechanism analysis and critical phase space region discussions of capture, and so on.
In our research, some underlying characteristics of the developing and stabilizing processes of resonances are analyzed with numerical simulations, and then confirmed and compared with some experimental results. Numerical simulations are achieved with the given dynamical model described in [1] , but the parameter values are set based on our practical test rig of a rotor system. The instantaneous displacement trajectories, 3D-FFTs and phase space portraits are used to demonstrate typical motion patterns of frequency capture and pass-through of resonance. The periodic motions are specially discussed for capture with frequency spectra and pseudo-Poincare mapping of simulation and experiment data techniques. Our work is useful to understand the resonance dynamics of the proposed rotor system, especially for its frequency capture and resonance pass-through process.
DYNAMIC EQUATIONS OF THE ROTOR SYSTEM WITH ELASTIC SUPPORTS
The rotor system is made of a rotating shaft and a rigid disc. There is a pair of rolling bearing assembly connecting the shaft 
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and its supports. The rotor and supports are mounted on four elastic cantilevers serving as pedestals. The rotor is driven by an electrical motor, which can be regulated by current and voltage. The whole system sketch is shown in Fig. 1 . M is the mass of the unbalanced part of rotor, I is the moment of inertia of the unbalanced part of rotor about its rotating axis, e is the distance of 2 M from spin axis, k is the support stiffness, c and θ c are damping coefficients of the supports and rotating part. According to Lagrange's equations
( i q is the general coordinate,
Q is the general force and equals to 0) we obtain 
THEORETICAL ANALYSIS ON FREQUENCY CAPTURE AND PASS THROUGH OF RESONANCE
Analytical solutions of the above strong nonlinear equations of Eq. (3) can not be solved easily. Some qualitative analyses of solution characteristics are discussed below. As reference [1] , in a small neighborhood of resonance, we can set that 
are the first and second differentials to non-dimensional time τ .
Furthermore, Eq. (5) can be simplified into the following equations with the second order approximation
where q is an angular variable as polar coordinate transforming of z=rsinψ, and q=θ-ψ-π/2. w is a feedback variable as r =2K(1+w/2). q is directly associated with the rotating angular speed of rotor. In reference [1] , some instantaneous Hamilton phase portraits in 
SIMULATION CONDITIONS AND EXPERIMENTAL SETUP
In order to make sure the two typical motion patterns which stand for frequency capture in the rotor system or the other, we have carried on a series of numerical simulations according to Eq. (5). The parameters of our real text rig are chosen as the simulation parameter values. Before using the fourth Runge-Kutta integration, all physical variables are transformed into dimensionless variables following Eq. (4). With different system parameters and initial conditions, the vertical vibrations of x direction which is shown in Fig. 2 are obtained numerically. 
, etc. On the other hand, normal resonances for the rotor system are achieved to pass through with other parameter and initial conditions.
The test rig of rotor system herein is composed of a linear rotor supported by soft pedestal supports. The experiment fixture is depicted in Fig. 1 Some transducers are installed on test rig to measure the vibration of the system. Particularly, one piezoelectric accelerator is installed on the support pedestal to measure the vibrations of the supports; while two eddy transducers are set on the culmination of the rotor in x and y dimension to measure rotor vibration displacements. The sampling frequency is 8000Hz. During experiment, motor torques change along with the supplied electrical current and voltage.
Typical experimental cases are obtained including captures and pass-through cases of resonances. These cases are all with constant but different driven torques together with zero initial conditions.
NUMERICAL SIMULATIONS AND EXPERIMENTS OF RESONANCE MOTIONS OF ROTOR SYSTEM
The dimensionless rotor vibrations of capture and pass-through of resonances are illustrated in Fig. 3 and Fig. 4 , respectively. Figure 4(a) gives the vibration displacement z. Figure 4(b) shows that the rotating speed keeps constant and it means the system goes into capture state.
The numerical results of capture shown in Fig. 3 are obtained with ε =0.1 and L=0.033 with
. The vibration is regarded as capture when its motion trajectory stays in a certain region in the phase plane after a given period time. The transient process and the long-time behavior of frequency capture of resonance are shown in the phase space of Fig. 3(c) . The displacement z is with a constant amplitude and frequency, while its rotating speed keeps slightly fluctuating around 1. Figure 4 shows the running-up process with normal pass-through of resonance when the vibration keeps on increasing and its rotating speed runs up straightly, in which ε =0.01 and L=0.033 with initial values, spectra, there shows a capture in the neighborhood of a 1:1 resonance. The 1.5 and 2 times of base frequency are also obvious in this case. For the normal pass-through of resonance, it goes into resonance near its natural frequency of 36.49Hz abruptly and keeps on running up after a short while. Some lower frequency peaks which exist in 3D spectra are regarded coming from unavoidable clearances of rotor rig. 
MOTION CHARACTERISTICS OF FREQUENCY CAPTURE OF THE ROTOR SYSTEM
In order to analyze the motion characteristics of frequency capture of the rotor system, the simulated and measured vibration data are compared in frequency spectra and pseudo-Poincare mappings. In Fig. 6 , the simulated vibration displacements of stable capture have single base frequency in the amplitude frequency spectrum. The pseudo-Poinare mapping is constructed with the successive wave peaks of the vibration. The period points in the pseudo-Poinare plot are concentrated in a small area. 
CONCLUSIONS
The dynamical model of a rotor system with elastic supports is introduced in the paper. Based on the nonlinear equations, a special vibration pattern known as frequency capture is researched with numerical simulation and experiment. The vibrations during resonance capture and pass-through are discussed and compared in time and frequency domains for the rotor system.
The instantaneous displacement trajectories, 3D FFT waterfalls and phase space portraits are calculated and demonstrated for the above two typical resonances. The stable captures are also discussed for their periodical characteristics with amplitude spectra and Poincare plots of simulation and experiment data.
